Gear fault diagnosis is important not only during the routine maintenance of machinery, but also during the inspection of newly manufactured gearboxes at the end of the assembly line. This paper discusses the application of an artificial neural network (ANN) and a support vector machine (SVM) for identifying faults in the gearbox, using the psychoacoustic and conventional statistical features extracted from acoustics and vibration signals. It is observed that at the end of the assembly line, the gearbox is tested by mounting it on a test bench and driving it by an electric motor. Based on the sound emitted while running on the test bench, the operator decides on the acceptance of the gearbox for further assembly on a vehicle or machine. This method of acceptance or rejection of the gearbox involves subjectivity and it is not reliable. Hence, it is important to have a reliable and objective fault detection and diagnosis method. To eliminate subjectivity, psychoacoustic features, which are derived from the science of listening in human beings, are proposed to be used as features, along with ANN and SVMs as classifiers. To ascertain the ability of the psychoacoustic features to classify faults, laboratory experiments are carried on a test setup by simulating faults like a gear shaft misalignment, a profile error of a gear tooth, a crack at the root of the tooth, and a broken tooth. ANN and SVM are trained with the psychoacoustic features extracted from the acoustic signal and other statistical features from the acoustics and vibration signals. The trained SVM and ANN are tested for fault classification for these features and their accuracy is compared. Fault classification accuracy is found to be 95.65% for ANN and 93.44% for SVM with psychoacoustic features and is found to be better than pure statistical features obtained from the vibration and acoustic signals. With the optimised ANN and SVM architecture, SVM is found to be performing better than ANN. It is concluded that the psychoacoustic features, along with the ANN and SVM method, could be adopted at the end of assembly line inspection to make the inspection process more objective.
INTRODUCTION
The gearbox plays an important role in industrial applications, such as power transmission machinery and rotating machinery. It is one of the most important elements in almost all vehicles. Identification of gear faults is an important task in maintenance functions. It is also very important during the inspection of the newly manufactured gearbox at the end of the assembly line. Many researchers have contributed to the field of gear fault diagnosis and its ramifications are wide and are interdisciplinary in nature. Earlier, fault diagnosis was based on vibration techniques in which time and frequency domain analysis was carried out. Summary of such methods has been reported in many books and review papers.
1-4 Worden et al. had elaborated on, in detail, the application of different soft computing algorithms to the fault diagnosis of mechanical systems describing all the steps involved, i.e. data collection with sensors, feature extractions, and application of different artificial intelligence techniques used for pattern recognition. 5 The complexity of gearbox technology led researchers to develop innovative and advanced techniques for fault diagnosis to enhance accuracy and reliability. Zhang, et al. 6 and Sharma, et al. 7 proposed a time synchronous averaging method to diagnose faults under fluctuating speed conditions. Innovative techniques like empirical mode decomposition, Hilbert-Haung transforms, short-time Fourier transforms, wavelets, etc. are applied for feature extraction and signal processing.
8-11 These methods figure out the information content of the signal due to the transient effect generated by fault and inherent nature of amplitude and frequency modulated vibration signal emitted by the gearbox. Envelop analysis is also preferred by many researchers to extract the information content in the signal.
12
Other approaches like cepstrum analysis and bispectrum analysis are also used by researchers to detect and localise fault in the gearbox.
13, 14 Though vibration-based techniques are widely studied and accepted, the acoustic technique is also emerging and efforts have been made by researchers to diagnose gearbox and bearing faults using it. 15, 16 Due to the complexity involved in analysing signals obtained in the time domain or the frequency domain, researchers have focused their attention on complementing vibration and acoustic methods with the artificial intelligence technique for fault diagnosis. Vakharia, et al. applied SVM as a supervised machine learning technique and self-organising maps to diagnose bearing faults with the features extracted from the vibration signal. 17 Singh, et al. demonstrated a rotor fault diagnosis using ANN and SVM.
18 ANN based on a multilayer feedforward backpropagation algorithm is the most accepted pattern classifier based on
